The World Health Organization (WHO) and United Nations Children's Fund (UNICEF), through the Joint Monitoring Programme (JMP), are responsible for global monitoring of the Sustainable Development Goal (SDG) targets for drinking water, sanitation and hygiene (WASH). The SDGs represent a fundamental shift in household WASH monitoring with a new focus on service levels and the incorporation of hygiene. This article reflects on the process of establishing SDG baselines and the methods used to generate national, regional and global estimates for the new household WASH indicators. The JMP 2017 update drew on over 3000 national data sources, primarily household surveys (n = 1443), censuses (n = 309) and administrative data (n = 1494). Whereas most countries could generate estimates for basic drinking water and basic sanitation, fewer countries could report on basic handwashing facilities, water quality and the disposal of waste from onsite sanitation. Based on data for 96 and 84 countries, respectively, the JMP estimates that globally 2.1 billion (29%) people lacked safely managed drinking water services and 4.5 billion (61%) lacked safely managed sanitation services in 2015. The expanded JMP inequalities database also finds substantial disparities by wealth and sub-national regions. The SDG baselines for household WASH reveal the scale of the challenge associated with achieving universal safely managed services and the substantial acceleration needed in many countries to achieve even basic services for everyone by 2030. Many countries have begun to localise the global SDG targets and are investing in data collection to address the SDG data gaps, whether through the integration of new elements in household surveys or strengthening collection and reporting of information through administrative and regulatory systems.
The Millennium Development Goals (MDGs) represented a focus for global development at the start of the new millennium, with international attention on 8 global goals [1] . MDG target 7c aimed, by 2015, to halve the proportion of the population without sustainable access to safe drinking water and basic sanitation [1] . World Health Organization (WHO) and United Nations Children's Fund (UNICEF), through the Joint Monitoring Programme (JMP) for Water Supply and Sanitation, tracked progress towards the target using facility type classifications, recording the population using In this review article, current members of the WHO/UNICEF JMP team describe the new SDG indicators for WASH, the process of establishing the baseline estimates for the year 2015, and discuss the outlook for SDG WASH monitoring at national, regional and global levels. Table 1 lists the SDG targets for WASH under Goal 6 together with the indicators selected for global reporting by UN member states through the IAEG-SDG [11] . In addition to these official global indicators, the JMP tracks progress against lower rungs in the "service ladders" (Table 2 ) as well as generating estimates for specific types of improved drinking water sources (piped vs non-piped) and sanitation facilities (sewer, septic, latrines and other) which form part of the JMP methodology for calculating safely managed services and informing sector progress. These indicators include open defecation, which is explicitly mentioned in target SDG 6.2 and has been listed as a supplementary indicator for global reporting and included in the global SDG database, and basic drinking water, sanitation and hygiene services which will contribute to monitoring progress towards universal access to basic services (SDG 1.4). The JMP has developed updated service ladders for global monitoring of WASH during the SDG period. Table 2 provides definitions of the "rungs" in the SDG ladders including the new ladder for hygiene and new "safely managed" rungs at the top of the drinking water and sanitation ladders. The "safely managed" indicator combines information about the type of facility used by households with the level of service. The new ladders build on the established improved/unimproved facility type classification used for MDG monitoring [3] and seek to address some of the limitations of these binary indicators [6] .
SDG WASH Targets and Indicators
The safely managed drinking water services indicator takes into account the quality of drinking water, its availability and whether it is accessible on premises. As such it goes beyond an assessment of the type of drinking water source as a proxy for safety, recognising that all water source types including piped water can potentially be contaminated [12, 13] . The indicator also takes into consideration the availability of drinking water, either through information on the number of hours of service or questions to households to determine whether sufficient quantities were available when needed. In doing so, it seeks to address interruptions in service that may prevent households from having sufficient quantities of water for consumption and other domestic uses [14] . Finally, the indicator is based on drinking water sources located on premises in light of the benefits of having water that is easily accessible at home [15, 16] . The safely managed sanitation services indicator includes not only the type of sanitation facility but also how excreta are disposed of and whether they are treated. This reflects concerns relating to faecal sludge management in many parts of the world [17, 18] and the recognition that a large proportion of wastewater collected by sewer networks is not treated at all or receives insufficient treatment to protect public health [5] .
The basic service levels for drinking water and sanitation represent an important step towards achieving safely managed services for all and are among the indicators used for tracking progress towards universal access to basic services under the poverty reduction goal (SDG 1). The basic level for drinking water is closely related to the improved drinking water metric used during the MDGs but with two important changes. Firstly, households collecting water from sources with a roundtrip travel time of greater than 30 min are not counted as having a basic service. Secondly, packaged water and delivered water are considered as improved sources and can count towards basic provided they meet the 30 min accessibility criterion. This change in the improved classification was made since these two types of water source have the potential to be safely managed [19] . A basic sanitation service is equivalent to the MDG improved indicator and continues to exclude shared facilities of an improved type, which are termed "limited" services [20] . The basic hygiene service is entirely new for the SDGs and draws on data generated through a standardised handwashing module used in Multiple Indicator Cluster surveys (MICS) and Demographic and Health surveys (DHS) since 2009 [21] .
The SDGs also include a target (SDG 4.a) under the education goal which calls attention to the importance of WASH in schools as part of a "safe, inclusive and effective learning environment" and is aligned with the understanding that "universal" in the target language under goal 6 implies access to services both at home and away from home [22] . Top priorities for global monitoring of non-household WASH include schools and health care facilities. The JMP has convened expert working groups to define basic services in these settings and to develop corresponding questions to be included in facility surveys or administrative information systems [23, 24] . Baseline estimates for WASH in schools were published by the JMP in 2018 [25] and estimates for health care facilities are expected in early 2019.
JMP Estimation Methodology
A methodology note for the JMP 2017 report provides a detailed description of the methods used to calculate baselines for the SDGs [26] . Here we briefly describe the main steps in preparing national and regional estimates for basic services and safely managed services. Data from this article can be accessed from the WHO/UNICEF JMP website (washdata.org).
Data Drive and Country Consultation
To prepare SDG baselines, in 2016 the JMP launched a "data drive", coordinated by WHO and UNICEF regional and country offices to request new sources of information on basic services as well as any data available on the new criteria related to safely managed services. Following the incorporation of these new data sources and restructuring of the databases to integrate the new SDG indicators, preliminary estimates were prepared and shared with national authorities as part of a formal 8-week country consultation process. Feedback was received from over 120 countries.
Estimates for Basic Services
At the core of the JMP estimates for SDG monitoring are data on the types of drinking water, sanitation and hygiene facilities used by households. Following the approaches taken for MDG monitoring, original definitions used in surveys were matched to the JMP international standard classification. Where there were inconsistencies between contemporary surveys or ambiguous categories (e.g., "latrines" or "wells") adjustments were made or datasets were excluded from further analysis. Trends between 2000 and 2015 were then estimated by plotting coverage of improved drinking water sources and improved sanitation facilities in urban and rural areas and utilising a customised least squares linear regression ( Figure 1 ). An average of all available ratios for the proportion of the population using drinking water sources exceeding 30 min collection time was used to calculate trends for basic drinking water services (dark blue line) based on improved sources (light blue line). Similarly, for sanitation an average of available ratios for the proportion of population sharing sanitation facilities with other households was used to calculate trends for basic sanitation services. In addition to estimates for improved facilities and basic services, the linear regression model was also used to calculate trends for the population practising open defecation and using surface water. The populations using unimproved sources and unimproved sanitation facilities were then calculated by difference.
At the core of the JMP estimates for SDG monitoring are data on the types of drinking water, sanitation and hygiene facilities used by households. Following the approaches taken for MDG monitoring, original definitions used in surveys were matched to the JMP international standard classification. Where there were inconsistencies between contemporary surveys or ambiguous categories (e.g., "latrines" or "wells") adjustments were made or datasets were excluded from further analysis. Trends between 2000 and 2015 were then estimated by plotting coverage of improved drinking water sources and improved sanitation facilities in urban and rural areas and utilising a customised least squares linear regression (Figure 1 ). An average of all available ratios for the proportion of the population using drinking water sources exceeding 30 min collection time was used to calculate trends for basic drinking water services (dark blue line) based on improved sources (light blue line). Similarly, for sanitation an average of available ratios for the proportion of population sharing sanitation facilities with other households was used to calculate trends for basic sanitation services. In addition to estimates for improved facilities and basic services, the linear regression model was also used to calculate trends for the population practising open defecation and using surface water. The populations using unimproved sources and unimproved sanitation facilities were then calculated by difference.
National estimates were produced by weighting rural and urban estimates using the latest population data from the UN Population Division World Population Prospects and World Urbanization Prospects [27, 28] . Regional estimates for basic services were calculated by summing urban and rural estimates from individual countries provided data covered at least 50% of the population. For countries lacking data in a given year, a value was imputed based on the average for that m49 level 2 region [29] in order to ensure that different regional groupings would yield estimates that were consistent with the global estimates. The imputed values were only used for producing regional and global estimates and were not published for individual countries. For basic drinking water and basic sanitation imputed values were used for 4 and 8 countries, areas or territories respectively (out of 232 in total). National estimates were produced by weighting rural and urban estimates using the latest population data from the UN Population Division World Population Prospects and World Urbanization Prospects [27, 28] . Regional estimates for basic services were calculated by summing urban and rural estimates from individual countries provided data covered at least 50% of the population. For countries lacking data in a given year, a value was imputed based on the average for that m49 level 2 region [29] in order to ensure that different regional groupings would yield estimates that were consistent with the global estimates. The imputed values were only used for producing regional and global estimates and were not published for individual countries. For basic drinking water and basic sanitation imputed values were used for 4 and 8 countries, areas or territories respectively (out of 232 in total).
Estimates for Safely Managed Drinking Water Services
Safely managed drinking water services were calculated provided data were available on drinking water quality (E. coli or thermotolerant coliform, and priority chemicals where applicable) and either the availability or accessibility of drinking water services for at least 80% of the population using improved drinking water sources. Firstly, the proportion of the population with improved drinking water sources that were: (i) accessible on premises, (ii) available when needed and (iii) free from contamination were calculated, where possible for rural and urban areas. The estimates for free from contamination are based on compliance with WHO guidelines for drinking water quality [30] . These estimates were drawn from a combination of household surveys and administrative data systems ( Table 3 ). Since information was not usually available from the same data source, the minimum value for the three elements was used to estimate the safely managed indicator. A similar approach was taken for regional and global estimates, provided data were available for at least 30% of the relevant regional population (those using improved drinking water sources). The elements of safely managed drinking water services were calculated separately for urban and rural areas and, where possible, a weighted average used for total estimates for the region or world. Figure 2 shows an example of calculating safely managed drinking water services at a regional level and the construction of the full SDG ladders. The estimate for safely managed drinking water services in sub-Saharan Africa is calculated based on the minimum of the proportion of the population with improved drinking water services (yellow bar) which are (i) accessible on premises, (ii) available when needed and (iii) free from contamination. In this example contamination of drinking water was found to be the limiting factor at 24% and was taken to be the estimate for safely managed drinking water services (dark blue). Figure 2 shows an example of calculating safely managed drinking water services at a regional level and the construction of the full SDG ladders. The estimate for safely managed drinking water services in sub-Saharan Africa is calculated based on the minimum of the proportion of the population with improved drinking water services (yellow bar) which are (i) accessible on premises, (ii) available when needed and (iii) free from contamination. In this example contamination of drinking water was found to be the limiting factor at 24% and was taken to be the estimate for safely managed drinking water services (dark blue).
Estimates for Safely Managed Sanitation Services
Safely managed sanitation services were calculated provided data were available for the dominant form of improved sanitation (either improved onsite sanitation facilities or sewerconnected facilities) and estimates were weighted by the populations using these facilities. Estimates could be drawn from household surveys or administrative data for the management of onsite sanitation but data on wastewater treatment are only available from administrative sources (Table 3) . For onsite sanitation facilities, such as septic tanks and improved latrines, excreta can be treated and disposed in situ or emptied and treated offsite. For sewer-connected facilities, data on the proportion of wastewater which received at least secondary treatment was multiplied by the proportion of the population using sewer-connected sanitation. For national estimates, where insufficient data were available for the non-dominant form of improved sanitation, estimates were based principally on the dominant form of sanitation, with the assumption that 50% of the non-dominant form of sanitation facilities were also safely managed. Regional and global estimates were calculated provided data were available for at least 30% of the population using the dominant form of improved sanitation. The regional and global estimates were then calculated by summing the populations whose sanitation facilities were safely managed and, in effect, treating a lack of data as evidence of a lack of safe management. 
Safely managed sanitation services were calculated provided data were available for the dominant form of improved sanitation (either improved onsite sanitation facilities or sewer-connected facilities) and estimates were weighted by the populations using these facilities. Estimates could be drawn from household surveys or administrative data for the management of onsite sanitation but data on wastewater treatment are only available from administrative sources (Table 3) . For onsite sanitation facilities, such as septic tanks and improved latrines, excreta can be treated and disposed in situ or emptied and treated offsite. For sewer-connected facilities, data on the proportion of wastewater which received at least secondary treatment was multiplied by the proportion of the population using sewer-connected sanitation. For national estimates, where insufficient data were available for the non-dominant form of improved sanitation, estimates were based principally on the dominant form of sanitation, with the assumption that 50% of the non-dominant form of sanitation facilities were also safely managed. Regional and global estimates were calculated provided data were available for at least 30% of the population using the dominant form of improved sanitation. The regional and global estimates were then calculated by summing the populations whose sanitation facilities were safely managed and, in effect, treating a lack of data as evidence of a lack of safe management. Figure 3 shows an example of calculating safely managed sanitation services at a country level and the construction of the full SDG ladder. The estimate for safely managed sanitation services in rural Estonia requires information on the proportion of the population using basic sanitation services which are connected to sewer networks (64%) or onsite sanitation systems (36%). Data on treatment of wastewater (>95% at least secondary) were applied to the population using sewer connections to calculate "wastewater treated" (63%). Although no data were available on disposal in situ and emptying and treatment, an estimate for onsite sanitation services was made since most of the rural population of Estonia uses sewer-connected sanitation. Half of the population using onsite sanitation facilities was considered "safely disposed in situ" (18%) and in the absence of data none was considered "emptied and treated" (0%). Combining these the pathways yields the estimate for safely managed sanitation services in rural Estonia (81%). An estimated 19% of the rural population lacks a safely managed service and uses a basic sanitation service. Figure 3 shows an example of calculating safely managed sanitation services at a country level and the construction of the full SDG ladder. The estimate for safely managed sanitation services in rural Estonia requires information on the proportion of the population using basic sanitation services which are connected to sewer networks (64%) or onsite sanitation systems (36%). Data on treatment of wastewater (>95% at least secondary) were applied to the population using sewer connections to calculate "wastewater treated" (63%). Although no data were available on disposal in situ and emptying and treatment, an estimate for onsite sanitation services was made since most of the rural population of Estonia uses sewer-connected sanitation. Half of the population using onsite sanitation facilities was considered "safely disposed in situ" (18%) and in the absence of data none was considered "emptied and treated" (0%). Combining these the pathways yields the estimate for safely managed sanitation services in rural Estonia (81%). An estimated 19% of the rural population lacks a safely managed service and uses a basic sanitation service.
Inequalities by Wealth and Sub-national Region
Inequalities in access to basic services were assessed using customised urban, rural and national asset indices excluding WASH variables. The decision to customise the wealth index was based on an examination of the sensitivity to the inclusion of these variables and concerns of overestimation of inequalities in WASH services where these variables are also included as assets [31] . For countries where the wealth quintile analysis could be conducted (due to the availability of analytical scripts) inequalities were also examined by sub-national region based on the domains for which the household surveys were representative. The number of regions ranged from 4 to 30 usually corresponding to the first administrative level in each country. Estimates for these inequalities were calculated for all rungs in the JMP ladder up to "basic" and were based on individual surveys rather than trends.
Data Sources and Data Coverage
The JMP 2017 baseline report drew on over 3000 national data sources, primarily household surveys (n = 1443), censuses (n = 309) and administrative data (n = 1494). The inclusion of administrative data enabled estimates to be produced for safely managed services and considerably increased the size of the JMP database. 
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Data Sources and Data Coverage
The JMP 2017 baseline report drew on over 3000 national data sources, primarily household surveys (n = 1443), censuses (n = 309) and administrative data (n = 1494). The inclusion of administrative data enabled estimates to be produced for safely managed services and considerably increased the size of the JMP database. Table 4 describes data coverage for SDG indicators based on the proportion of the population and the number of countries for which data were available. Estimates were generated providing data were available for at least 30% of the relevant population for the new safely managed indicators and at least 50% of the total population for basic services.
Almost all countries could produce estimates for basic drinking water and basic sanitation services but comparatively few had data on the availability of handwashing facilities with water and soap (n = 70) ( Table 4 ). Most countries with data on handwashing were in sub-Saharan Africa or Latin America and the Caribbean where this information had been collected as part of a standardised handwashing module implemented in MICS or DHS surveys. Very few high-income countries routinely collect this information. A total of 96 countries could produce estimates for safely managed drinking water services. Data were generally available for the location of drinking water sources ("accessible on premises") but fewer countries had data for drinking water quality or the availability of drinking water when needed.
A total of 84 countries could produce estimates for safely managed sanitation services. Data on wastewater treatment were available for many countries but there remains a major data gap for the management of excreta from onsite sanitation systems. Very few countries had nationally representative data on the emptying, transport and treatment of faecal sludge.
Sufficient data were available to produce global as well as urban and rural estimates for safely managed drinking water and safely managed sanitation services but not for basic hygiene services. Regional estimates could be produced for 4 out of 8 and 5 out of 8 SDG regions for safely managed drinking water and sanitation services, respectively. Regional estimates could be produced for all SDG regions for basic drinking water and sanitation but only two regions for basic hygiene. Table 5 includes baseline estimates for the proportion of the population using basic drinking water, sanitation and hygiene services at a global level, for rural and urban areas and by SDG region. Table 4 also includes the population without basic services and a metric termed the annual rate of change (ARC) which was calculated based on the average annual percentage point change between 2000 and 2015.
Baselines for Basic Services
An estimated 89% of the global population used at least basic drinking water services in 2015 meaning that 663 million lacked a basic service. Of these, the majority lived in sub-Saharan Africa (408 m) and Central and Southern Asia (219 m). Those lacking basic services relied on improved water sources more than 30 min roundtrip (263 m; 4%), used unimproved sources of drinking water (423 m; 6%), or had no drinking water service and relied on the direct collection of surface water (159 m; 2%).
An estimated 68% of the global population used at least basic sanitation services in 2015 and a total of 2.3 billion people lacked a basic service. Of these, the majority lived in Central and Southern Asia (944 m), sub-Saharan Africa (692 m) and Eastern and South-eastern Asia (517 m). Those without basic sanitation services relied on improved sanitation facilities shared with other households (600 million; 8%), used unimproved sanitation facilities (856 m; 12%), or continued to practise open defecation (892 m; 12%). No global estimate was available for basic hygiene due to data coverage of less than 50% of the global population. Estimates were available for sub-Saharan Africa and North Africa and Western Asia as well as for Least Developed Countries. Just 27% of the population of the Least Developed Countries had a handwashing facility with water and soap at home. Table 5 also demonstrates that there continue to be striking disparities between rural and urban areas both in terms of coverage of basic services and the types of facilities used by households in these areas. Of the 844 million without basic drinking water services 8 out of 10 (79%) lived in rural areas and of the 2.3 billion without basic sanitation, 7 out of 10 (72%) lived in rural areas. Gaps between urban and rural areas have, however, been closing: the annual rates of change in rural areas were 0.79% points per year for drinking water and 0.71% points per year for basic sanitation compared with 0.0% points and 0.20% points respectively in urban areas where coverage has stagnated, due in part to rapid urbanization (the proportion of the global population living in urban areas increased from 46.7% in 2000 to 53.9% in 2015 [29] ).
Examining the progress made from 2000 to 2015, the JMP 2017 report examined whether progress during the MDG period would be sufficient to achieve universal access to basic services by 2030 and estimated which countries would be "on track", assuming that these rates could be sustained during the next 15 years. Such an assessment inherently assumes that these rates of progress can be sustained which may be challenging as those who have yet to gain access tend to be poorer and more marginalised. Figure 4 shows the results of this analysis for three indicators for which trend data were available for most countries: basic drinking water, basic sanitation and open defecation. These data show that impressive rates of progress were made in several countries: Lesotho, Cambodia and Lao PDR stand out for basic sanitation (>2 percentage points per year, ppy) and Afghanistan and Lao PDR for basic drinking water (>2 ppy). The greatest annual reductions in open defecation were observed in Ethiopia Table 6 includes baseline estimates for safely managed drinking water and sanitation services along with their constituent elements. The former is calculated based on the minimum of the three criteria for safely managed services whereas the latter is calculated by summing the three types of safely managed services. Regional and global totals are calculated based on weighted averages for Table 6 includes baseline estimates for safely managed drinking water and sanitation services along with their constituent elements. The former is calculated based on the minimum of the three criteria for safely managed services whereas the latter is calculated by summing the three types of safely managed services. Regional and global totals are calculated based on weighted averages for rural and urban populations. At a global level, whereas 11% of the population lacked basic services in 2015, 29% were found to lack safely managed drinking water services, equating to 2.1 billion people. There are pronounced differences between regions: for example, just one in four people in sub-Saharan Africa used an improved water source located on premises compared with over 90% in Australia and New Zealand, Europe and North America and Latin America and the Caribbean.
Baselines for Safely Managed Services

Four out of ten people-39% of the global population-were estimated to use a safely managed sanitation service. This equates to 4.5 billion people without safely managed services in 2015. Data were available on the population with a sewer connection with wastewater treated for 7 out of 8 regions. Wastewater treated ranged from around 3% in Oceania and Central and Southern Asia to 78% in Europe and North America, reflecting differences in the coverage of sewer networks and the proportion of wastewater receiving at least secondary level treatment. Data were not available on emptying and treatment of excreta from onsite sanitation facilities for any regions and only Eastern and south-Eastern Asia had sufficient data on treatment and disposal in situ.
Unlike for basic services, reliable trend data for safely managed services are available for a comparatively small number of countries where time series were available from national authorities for drinking water quality and/or wastewater treatment. Among the 96 countries with estimates for safely managed drinking water in 2015, just 63 had more than 2 data points on drinking water quality since 2000. The average number of data points on wastewater treatment, among the 84 countries with estimates for safely managed sanitation, was 5.
Expanded Monitoring of Inequalities
The 2030 Agenda places considerable emphasis on addressing inequalities and commits member states to leave no one behind. UN Member States have recommended that SDG indicators should be disaggregated, where relevant, by 'income, sex, age, race, ethnicity, migratory status, disability and geographic location, or other characteristics' [32] .
During the MDG period, national, regional and global estimates were routinely disaggregated by urban and rural populations and estimates were made for an increasing number of countries by household socio-economic status. In 2008, the JMP used "ladders" to further disaggregate populations by service levels, including those with no sanitation service at all who still practised open defecation [33] . Exploratory analysis in specific countries also served to highlight other dimensions of inequality-such as disparities in services between slums and formal urban areas of Mombasa, Kenya and in rates of open defecation between different religious groups in the Democratic Republic of the Congo [34] -and to generate greater demand for disaggregated data.
The JMP 2017 update aimed to more systematically report on inequalities: estimates were produced by wealth quintiles (for national, urban and rural settings) as well as sub-national regions for 80 countries. In the great majority of these countries, substantial gaps in coverage were found between richest and poorest and between lowest and highest performing regions. These inequalities can be explored on the JMP website data portal (washdata.org). Figure 5 shows an illustrative example of the inequality data available from the JMP 2017 report. In 2015, the coverage of basic drinking water sources was substantially higher for the World (89%) than in sub-Saharan Africa (58%). Mozambique (47%) was below the average for countries in sub-Saharan Africa, and just one in three (32%) use a basic drinking water service in rural areas of Mozambique. Sub-national inequalities by wealth quintile and subnational region based on DHS 2011 demonstrate that the coverage is much lower in the bottom three wealth quintiles and that coverage ranges from 99% (city of Maputo) to 19% (Zambézia)-a gap of 80 percentage points. People living in the capital were five times as likely to use basic drinking water services compared with people living in Zambézia in 2011.
Limitations of existing datasets used by the JMP include the fact that WASH data are typically collected at household rather than individual level and that, apart from census data, it is often difficult to disaggregate data for lower administrative units and/or smaller population sub-groups. Apart from data on the burden of water collection, and the increasing number of surveys that record aspects of menstrual hygiene management, data on the use of WASH services generally cannot be disaggregated by sex. Studies have shown that specific additional questions may be required for disability surveys: surveys of people with disabilities in four countries found that they usually used the same facilities as other household members but often faced difficulties in doing so [35] . Innovative data collection methods will be required to more comprehensively address inequalities relating to individual characteristics including sex and disability. There have been advances in small area estimation for household surveys which may enable disaggregation below the domains of the sample and more granular exploration of inequalities [36] . Oversampling of disadvantaged populations (e.g., Roma in Serbia MICS) will be required to generate estimates for small population groups.
in three (32%) use a basic drinking water service in rural areas of Mozambique. Sub-national inequalities by wealth quintile and subnational region based on DHS 2011 demonstrate that the coverage is much lower in the bottom three wealth quintiles and that coverage ranges from 99% (city of Maputo) to 19% (Zambézia)-a gap of 80 percentage points. People living in the capital were five times as likely to use basic drinking water services compared with people living in Zambézia in 2011. Limitations of existing datasets used by the JMP include the fact that WASH data are typically collected at household rather than individual level and that, apart from census data, it is often difficult to disaggregate data for lower administrative units and/or smaller population sub-groups. A further form of inequality which in many cases intersects with the inequalities described above is affordability of WASH services. The JMP has convened an expert working group to explore the challenge of defining and monitoring affordability with a view to identifying measures that could be used to assess financial barriers to access at national and sub-national levels and, ideally, to compare affordability between countries. The widely-used measure to assess affordability-based on the proportion of a household's budget spent on water-has been critiqued for neither capturing unaffordability of services for households that are not paying for services because they are too expensive nor distinguishing households that may be wealthy enough to meet their basic needs despite paying a large proportion of their budget on WASH services [37] .
Challenges and Opportunities in Monitoring of SDG Targets
The SDG baselines for household WASH demonstrate the scale of the challenge associated with achieving universal safely managed services and the substantial acceleration needed in many countries to achieve even basic services for everyone by 2030. The process of establishing the SDG baselines has also underlined the implications of the shift in focus from the types of facilities people use to the level of service they receive. The new "safely managed" indicators represent a much higher level of service than "improved" facilities and many countries will need to collect more and better data in order to monitor progress. Although globally it was possible to establish global baselines for safely managed drinking water and safely managed sanitation services, major data gaps exist for several regions and many countries. Data availability for hygiene remains limited, especially in middle-and high-income countries.
Key priorities for monitoring of household WASH during the SDG era will include: (i) localising SDG targets, aligning monitoring systems and addressing data gaps, and (ii) integrated analysis at regional and global level.
Localising SDG Targets, Aligning Monitoring Systems and Addressing Data Gaps
Target setting and alignment of monitoring systems: The SDGs call for Governments to set national targets inspired by the global level of ambition [10] . This implies a process to establish targets that are aligned with national development plans, informed by data on coverage and trends and consider existing and potential resources. The service ladder developed by the JMP may be useful in informing these discussions since targets can be set for different rungs in the ladder (e.g., reducing open defecation or extending basic services) or aspects of safely managed services (e.g., reducing contamination of drinking water or increasing treatment of faecal sludge). Examples of countries setting local SDG-related targets might include focusing on the availability and quality of drinking water but setting a less stringent target for accessibility (<100 m) or, especially in informal urban areas, setting targets for improved sanitation (including shared facilities). National monitoring systems should first and foremost be aligned with these national targets and associated indicators. The JMP has provided guidance to countries and promoted harmonised approaches for monitoring core indicators of household WASH, notably through the introduction of core question for use in household surveys [38] , and supports countries to benchmark and compare progress with reference to the WASH service ladders used for global SDG monitoring.
Filling data gaps: Establishing baselines for the SDG WASH targets has identified the main data gaps for countries, regions and globally. These include the management of onsite sanitation facilities (containment, emptying, transport and treatment), drinking water quality, the availability of drinking water when needed and the availability of handwashing facilities with water and soap in the home. Many countries are investing in data collection to address the SDG data gaps, whether through integration of the new elements in household surveys or strengthening collection and reporting of information through administrative and regulatory systems. For example, in the Democratic People's Republic of Korea, a MICS survey in 2017 included questions relating to the management of onsite sanitation as well as modules on handwashing with water and soap and testing drinking water quality [39] . The Republic of Ireland Environmental Protection Agency regularly conducts inspections of a sample of septic tanks, identifying systems that may present a risk to public health and supporting the identification of suitable mitigation measures [40] .
Methodological development: The development of methodologies for monitoring aspects of safely managed service will require new approaches which need to be piloted and validated prior to adoption in national data systems. There has been progress in identifying ways to collect information through household surveys [41] but further work is needed in evaluating different approaches for administrative data systems, especially for monitoring the collection and treatment of waste from onsite sanitation systems. Methodological development is also required to explore different approaches for integrating population-based data from household surveys with service provider and regulatory data from administrative sources to generate estimates for safely managed services.
New data collection approaches will be required to collect information on the experiences of women and adolescent girls, including in relation to menstrual hygiene, and vulnerable groups such as people living with disabilities. As disadvantaged groups vary between countries, a participatory process to identify these groups is an important first step for determining who is left behind and to identify suitable monitoring mechanisms where these groups are a small proportion of the national population. In many countries such definitions already exist and further work is needed to disaggregate existing data, for example, by race, ethnicity and/or mother tongue. Other areas requiring methodological development include the development of comparable metrics for subnational regions [42] , benchmarking progress for countries at different stages of development [43] and affordability of WASH services [37] .
Integrated Analysis at Regional and Global Levels
Follow up and review: At regional and global levels, databases drawing on national data facilitate international comparisons through a process known as "follow up and review". This includes benchmarking of progress across countries and inputs to various political processes including regional initiatives (e.g., African Ministers' Council on Water) and global initiatives (e.g., Sanitation and Water for All partnership). In addition to focusing on comparisons of national coverage between countries, these initiates should strive to embed review of inequalities and, particularly at the start of the SDG era, data availability on the new aspects of SDG WASH monitoring.
Integration: The availability of harmonised datasets on the new SDG indicators for WASH and increasing availability of data for other SDG 6 indicators has generated interest in the possibility of integrated analysis. The SDG 6 synthesis report prepared in advance of the High-level Political Forum in 2018 sought to bring together information from the whole of goal 6 [44] . Further research is required to explore the links between WASH services at home and WASH in schools and in health care facilities as well as links with other SDG 6 targets. For example data on safely managed sanitation services are critical inputs to the domestic component of SDG 6.3 on safely treated wastewater [44] .
There is also scope for integrated analysis of links with other SDG goals and targets. For example, the WASH sector data on basic WASH services will contribute towards monitoring "universal access to basic services" (SDG 1.4) under the poverty reduction goal (SDG 1) and a methodology to combine these data with other basic services needs to be developed. Within the health goal, SDG 3.9.1 tracks the disease burden attributable to WASH. To prepare estimates for this indicator, WHO has combined information on the use of WASH services with relative risk factors, including estimates for higher levels of services [45] . Updated meta-regressions to calculate these risk factors suggest an important role for community-level sanitation coverage [46] and may create demand for additional indicators such as community-scale basic sanitation coverage. WASH services in schools (SDG 4.a.1) and health care centres (related to universal health coverage SDG 3.8.1) are also top priorities for SDG WASH monitoring and represent contributions beyond SDG 6.
Methodological development: The JMP should continue to explore methods for assessing the quality of data from diverse sources, especially focusing on administrative data used to estimate safely managed services. The JMP does not currently report uncertainty bounds as part of the global databases. This is in part due to concerns that non-sampling errors are likely to dominate sampling errors, especially since the underlying household survey data used to assess basic services often have large sample sizes for household living conditions. Although it is possible to use bootstrapping approaches (e.g., Wolf et al. [47] (2013)) this only captures model uncertainty and is not appropriate for the new SDG indicators which are data-sparse. The use of linear regression methods could be revisited as more datasets become available for the new indicators and to enable assessment of rates of progress for countries nearing universal access (or elimination of open defecation) [48] . Additionally, proxies may need to be developed to address data gaps for handwashing facilities in high-income countries, where data from observation of facilities with water and soap are rare.
Monitoring inequalities: At the global level, further work is required to systematically expand the availability of disaggregated data on WASH and to increase the number of countries for which such data are available. In the short term, this is likely to be limited to assessments up to the basic level given the existing data gaps and difficulties in integrating administrative data on safely managed services for sub-national regions or for different populations defined by wealth. In the medium term, additional stratifiers of inequality should include informal urban settlements and disadvantaged groups, which will require coordinated efforts by the WASH sector and others to establish definitions that can be used for international monitoring. Regional analysis of inequalities for disadvantaged groups will play an important role particularly, where disadvantaged groups are common between groups of countries (e.g., indigenous in central and south America). Disadvantaged groups need to make faster progress than advantaged groups (and the national average) to eliminate inequalities and reach universal access by 2030. Inequality analysis should extend to comparisons of rates of progress, for example using ARCs, and the rates required for different groups to achieve universal access.
